In-mouth mechanism leading to the perception of fat in humans: from detection to preferences.
The particular role of saliva
In humans, orality combines all the functions of the orofacial sphere (in which the mouth is the key organ), i.e., ventilation, expression, food breakdown, and sensory perception. The mouth is the first organ to perceive food and the different signalling events associated with food breakdown. The release of sensory stimuli, major contributors to our preferences and rejections, also occurs within the mouth. These events are extremely complex, and as such, their description necessitates combining many variables from different disciplines, i.e., physics, chemistry, physiology, psychology, behavioural science, and food science.
In this context, the associated sensory mechanisms involved in fat perception are an example of this complexity because fat perception is a multisensory integration of olfactory, gustatory and somatosensory cues, in which foodrelated oral processes play an essential role. The related in-mouth mechanisms often result in melting the product, adhering to mucous membranes and mixing with saliva.
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Based on the most recent results obtained in the field, this short review will detail the role of different salivary characteristics on fat detection initially and fat perception and preference subsequently.
Possible role of saliva in the detection of fat
The oral detection of fat in humans was shown for the first time in 1996 in the studies published by Richard Mattes, which showed that oronasal exposure to dietary fat can influence postprandial metabolism (Mattes, 1996) . The conclusions from this work were subsequently confirmed in many papers published by the same research group (Chale-Rush et al., 2007a; Chale-Rush et al., 2007b; Mattes, 2005; Mattes, 2002) . In addition to studies by Mattes, there are a large number of papers describing the mechanisms of fat oral detection in rats and mice (DegracePassilly and Besnard, 2012; Laugerette et al., 2007; Laugerette et al., 2005) . In particular, the involvement of the fatty acid transporter CD36, the delayedrectifying potassium (DRK) channel Kv1.5 and the G protein-coupled receptor-120 (GPCR120) was demonstrated in the detection of fat at the oral level (see (Khan and Besnard, 2009 ) for review). In humans, the role of CD36 in the perception of fat was suspected, and recently published results showed a direct relation between the level of CD36 expression in obese subjects and the sensory detection threshold for oleic acid and triolein (Pepino et al., 2012) . In addition to related receptor mechanisms, perireceptor events have been little investigated or described in the literature. However, they can contribute to either taste or the multimodal detection of fat. Among them, one of the main salivary factors that could contribute to the taste perception of fat is saliva lipase. The role of saliva lipase in the oral detection of fat has been clearly demonstrated in rats. In humans, it has been the subject of controversy for 20 years, although its contribution was suspected by some research groups (Kawai and Fushiki, 2003) . Recently, saliva lipase has gained interest, with studies conducted on a significant number of subjects to determine its potential role as a biomarker for oral phthalate activation (Voho et al., 2006) and oral fatty acid sensitivity (Stewart et al., 2010) . In 2012, indirect evidence of a positive saliva lipase contribution to the oral detection of triolein was observed in obese subjects (Pepino et al., 2012) . This potential role of lipase in fat sensitivity was reinforced with recent results obtained by our research group. A study was conducted on 15 subjects from a panel of 50 to compare salivary composition and flow. In particular, lipolysis, total antioxidant status, amylolysis, protein, LCN1, lysozyme amounts and salivary flow were determined with regard to oleic acid taste sensitivity. The results permitted us to identify hyper-and hyposensitive subjects to oleic acid. Interestingly, a strong correlation was observed between the level of saliva lipolysis and subject taste sensitivity to oleic acid (Poette et al., 2012) , with hyposensitive subjects showing a high level of lipolysis and hypersensitive subjects showing a low level. Surprisingly, LCN1 was not identified as a regulatory variable in the detection of oleic acid. Based on this result and Pepino's work, a causal hypothesis can be proposed for the taste detection of fat (figure 1).
Saliva can also contribute to the multimodal detection of fat. In the same study conducted by Poette et al., the multimodal detection threshold for oleic acid was measured in addition to the taste threshold. With regard to the taste threshold, hypo-and hypersensitive subjects were identified, and some salivary components were observed to contribute to the multimodal threshold. Interestingly, these components were different from those observed for the taste threshold (in order of importance): protein amount > lysozyme level > saliva flow > TAS. Regarding the taste threshold, a causal hypothesis can be proposed to explain the relation between these salivary markers and multimodal sensitivity for oleic acid (figure 2).
Possible role of saliva in the perception of and preference for fat
The contribution of saliva to fat perception and preferences has been principally investigated in studies on fat emulsion in relation to textural changes. In particular, the role of specific salivary proteins in the structural change of fat emulsions in the mouth has been demonstrated. Salivary amylase and mucin, in conjunction with the shear forces due to tongue movement, play an important role in the phenomena of flocculation and coalescence that occur during the consumption of oil-in-water emulsions. These changes in the structure of the emulsion have an impact on the perception of the products. In particular, high flocculation and coalescence lead to large droplet formation and more coating of the surface of the tongue. The consequences in terms of sensory perception are a higher impression of coating, creaminess, melting, fat texture and sliminess, which are considered to be preferred by the consumer. In contrast, little or no changes in the size of emulsion particles in the mouth increase the friction of the product on the tongue and the impression of astringency, roughness and dryness, which contribute more to the rejection of the product (Benjamins et al., 2009; Dresselhuis et al., 2008a; Dresselhuis et al., 2008b; Silletti et al., 2007; van Aken et al., 2007; Vingerhoeds et al., 2005; Vingerhoeds et al., 2008) .
In addition, interactions can occur between saliva and the volatiles responsible for the fat note . This is particularly Figure 1 . Schematic representation of the causal hypothesis formulated from the different correlations observed between fat taste sensitivity and saliva composition (Pepino et al., 2012; Poette et al., 2012) . In this hypothesis, the level of free fatty acids detected is regulated by lipolysis activity against the emulsion droplet. In hyposensitive subjects, a high level of lipolysis is necessary to release a sufficient amount of free fatty acids from the emulsion to be detected. The solubilisation of the fatty acids is regulated by LCN1, which is not a limited component in this case. Considering the conclusion from Pepino's work (Pepino et al., 2012) , hyposensitive subjects also express low levels of CD36 receptors. In hypersensitive subjects, the threshold amount of free fatty acids necessary to be detected is considerably lower, explaining the low level of lipase observed in these subjects. Moreover, higher CD36 expression permits a better detection of the FFAs released from the lipolysis activity. FFA = free fatty acid, LCN1 = lipocalin 1.
relevant for volatile acids that significantly contribute to the taste of fat. At the pH of saliva, most of these acids would be in a dissociated form and thus become non-volatile extremely fast (Poette et al., 2010) . This phenomenon leads to the question of the taste perception of these compounds rather than olfactory perception. Saliva can also promote the release of aromas by a salting out effect, as previously shown in other food matrices (Genovese et al., 2009) . As products that are high in fat, this effect was suspected in cheese-type matrices, in which the rate of saliva incorporation is slightly dependent on the fat content . In addition, recent results obtained in vitro of spreadable fats and the volatile compounds used for their flavouring showed that the combined effects of interaction and salting out depended mainly on the chemical nature of the studied molecule (Poette et al., 2010) . Some recent works attempted to link saliva composition to perceived intensity and preferences for oil emulsion (Neyraud et al., 2012) in humans. Interestingly, salivary flow and lipolysis were found to be the variables that contributed the most to explaining preferences: subjects with high lipolysis and low flow showed poor preferences for the emulsion and vice versa.
The oral perception of and preference for fat has also been investigated at a central level. The research group of Edmund Rolls related the level of fat (un) pleasantness to the activation of brain areas. We will not go into deeper detail on Rolls and collaborator's results, but some main conclusions of these works are particularly interesting in the context of this paper. First, it has been shown by MRI that the brain areas activated by the oral perception of fattiness were different from those of (un)pleasantness. Second, the neurons that respond to fat in the mouth respond on the basis of its oily texture. Third, the neurons that respond to free fatty acid do not respond to fat in the mouth, although other neurons do and may contribute to the unpleasantness of rancid fat (Grabenhorst et al., 2011; Rolls, 2011; Rolls, 2010) . These results raised the question of the positive and negative hedonic value of free fatty acids in the fat product or generated when it is put in the mouth.
Based on these different studies, a scheme of the involvement of saliva in the perception of and preference for fat is proposed in figure 3 .
Conclusion
In this short review, we have tried to provide an overview of the possible role of saliva in the detection, perception and preference for fat in humans, with Figure 2 . Schematic representation of the causal hypothesis formulated from the different correlations observed between fat multimodal sensitivity and saliva composition (Poette et al., 2012) . In this hypothesis, saliva can act on two characteristics, i.e., texture and olfaction. In hypersensitive subjects, low salivary flow and a high amount of proteins and lysozyme can contribute to a higher retention and destabilisation of the emulsion at the surface of the tongue, enhancing the perception of fat texture. Additionally, low TAS can be interpreted as a higher sensitivity of these subjects to volatile compounds resulting from the oxidation of unsaturated fatty acids. Oxidation can occur either in the emulsion or in the oral cavity during fat consumption. Conversely, in hyposensitive subjects, a high flow and low level of protein and lysozyme can contribute to a fast oral clearance of the emulsion just after consumption. Moreover, high TAS may lead to a low sensitivity of these subjects to volatile compounds resulting from the oxidation of unsaturated fatty acids. PUFA = polyunsaturated fatty acid, TAS = total antioxidant status.
the proposal of a causal hypothesis based on the different results described in the literature. The main conclusions on the role of saliva are the following:
-Saliva plays a major role in the detection and perception of fat in the mouth by different mechanisms.
-Large interindividual variability is observed in saliva characteristics. This variability raises the question of its relationship with variability in fat sensory perception and the different modalities used to detect fat.
-Saliva can positively or negatively contribute to the preferences for fat.
-Other oral and salivary variables must be considered in the perception of fat, i. e., shear forces, melting, and the role of other proteins.
-The regulatory function of lipase needs to be clarified with research conducted on a larger number of subjects and/or targeted populations.
Currently, there are few papers on this subject, but there is growing interest in the field in the scientific community and industry. Answering the questions asked by the hypothesis formulated in this paper will permit the prioritisation of different variables involved in fat perception in the subject or the product and the proposal of more well-reasoned strategies for lowering and/or changing the fat in food products.
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